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Table 2.3

CUMULATIVE MASS-CHAIN YIELDS OF FISSION PRODUCTS
(VALUES ARE IN PERCENT OF FISSIONS)

11235 11-238 Pu-239
Mass - —
Nuniber Thermal Fission Fission 8-Mev Thermul Fission
Neutrons* Neutrons Neutirons Neuirons Neutrons Neutrons

2 1.6x107° 4.6x1071 5.0x10 " - 1.2x10" % -
73 1.1x10°° 0.0012 3.7x107° - 2.2xi0 "1 -

7 (3.2x10°H* | 0.0034 1.1x107* | 0.001 4.1x10°* 0.0011
75 (8.8x10 %) 0.0062 8.3x10~ " | o, 0040 7.5x10"" 0.0023
76 (0.0029) 0.012 0.0012 0.0078 0.0014 0.0051
77 0.0083 0.023 0.0038%* 0.014 0.0026 0.011
78 0.021 0.048 0.0095 0.026 0.0049 0.025
79 (0.041) 0.096 0.019 0.053 0.06090 0.043
80 (0.077) 0.18 0.045 0.096 0.016 0.075
81 0.14 0.21 0.088 0.18 0.030 0.14
82 {0.29) 0.50 0.20 0.35 0.056 0.23
83 0.544 0.80 0.40* 0.66 0.19 0.37
84 1.00 1.3 0.85* 1.02 0.17 0.60
85 1.30 1.85 0.80 1.45 0.2 0.92
86 2.02 2.5 1.38* 1.9 0.45 1.i5
87 (2.94) 3.2 1.90 2.20 0.73 1.5

88 (3.9%2) 4.2 2.45 2.7 1.2 1.9

89 4.79 5.3 2.9% 3.17 1.9% 2.4

90 5.77 5.8 3.2% 3.7 2.4 3.0

91 5.84 5.85 3.6 4.3 3.0 3.7

92 6.03 6.0 4.1 4.8 3.7 4.4

93 6.45 6.4 4.85 5.2 4.6 5.0

94 6.40 6.4 5.3 5.145 5.5 5.4

95 6.27 6.3 5.7* 5.6 5.97 5.6

96 6.33 6.3 5.8 5.7 5.7 5.3

97 6.09 6.1 5.7 5.64 5.6% 5.2+
a8 5.78 5.9 5.7 5.6 5.4 5.4

99 6.06 G.1%* 6.3% G o%* 5.9% 5.5%
100 6.30 6.7 6.1 6.4 G.0 5.4
or foso o fse s e 00 4P




CUMULATIVE-MASS-CHAIN YIE LDS OF FISSION PRONDUCTS

Table 2.3

(continued)

(VALUES ARE IN PERCENT OF FISSIONS)

38

U-235 -2 Pu-239
Mass e A i ]
Number Thermal Fissicn I'ission 8-Mev Thermal Fission
Neutrons* Neutrons Neutrons Neutrons Neutrons Neutrons
102 4.1 2.9 5.6 5.9 5.9 5.3
103 3.0 1.7 6.6 5.0 5.8% 4.6
104 1.8 0.95 5.4 3.2 5.0 3.5
105 0.90 0.54 3.9 2.2 3.9* 3.2
106 0,38 0.30 2.7* 1.5 5.0* 3.6
107 0.19 0,37 1.356 1.0 4.0 3.1
108 (0.085) 0.095 0.G7 0.70 3.0 2.6
109 (0.039) 0.053*%* 0.32* 0.48 1.65%* 1.9*
110 (0.026) 0.030 ¢.15 0.33 0.65 0.81
111 (0.015) 0.022*** 0.073 0.25 "** 0.27% 0.34
112 (0.013) 0.020*** 0.046* 0.19 0.10* 0.14*
113 {0.012) 0,018 0.043 0.17 0,065 0.090
114 {0.011) 0,017 0.041 0.16 0.046 3.075
115 0.0101 0.017*¥¥ 0.040* .15 %** 0.041% 0.060*
116 (0.010)" 0.017" 0.639 0,14 0.039 0.065
117 (0.010) 0.017 0.039 0.14" 0.038 0.065
118 (0.010) 1,017 0,040 " 0.14 _Qi);‘?_&%h 9_._0&41'
119 (0.011) 0.017 C.o11 0.14 0.038 0.064
120 (0.011) 0.018 0,042 0.15 0.041 0.0G5
12t (0.012) 0.020 0.044 0.16 0.044* 0.066
122 (0.013) 0,022 0.046 0.17 0.047 0.06Y4
123 (0.015) 0.030 0.060 0.19 0,052 0.076
124 (0.017) 0.05: 0.055 0.23 0.058 0,082
128 0.021 0.095 0,072 0.33 0.072* 0.14
126 (0.058) 0.17 0.175 0.48 0,175 0.35
127 (0.115) 0.30 0.39 0.70 0.39% 0.80
128 0.37 .54 0,77 1.0 0.77 1.9
129 (.90 0.95 1.15 1.5 1.45H 2.5
130 20 1.7 2.5 2.2 2.5 3.2
132 (2.88) 2.9 3.2% 3.2 3.8% 3.8




CUMULATIVE MASS-CHAIN Vik LDS OTF FISSION PRODUCTS

Table 2.3 (continued)

(VALUES ARE IN PERCENT OF FISSIONS)

— T T 7
U-235 U-238 —i iPu-239
Mass —— e
Number Thermal Fission Fission 8-Mev Thermat i"ission
Neutrone*® Neutrons Neutrons Neutrons | Nouirons Neutrous
1
132 (4.21) 4.3 4.7* 4.4 5.0 1.6
133 (n.48) G.1 5.5* 5.4 5.27* 4.9
134 (7.80) 7.3 G.6* 6.5 5.69* 5.2
138 (6.40) 6.3 6.0* 5.9 5.53%* 5.1
136 (6.36) 6.4 5.9* 5.8 5.06* 5.3
IBY] (6,05} 6.0 e.2 5.85 5 247 6.4%
138 5.74 5.7 6.4 5.9 5.5 5.4
139 (6.34) 6.4 6.5 6.0 5.7* 5.2
140 6.44 | 6.4 5.T* 5.6 5.68* 5.0%*
141 (6.30) I 6.3 5.7 5.5 5.2% 4.7
142 (H.85) ' 5.9 5.7 i 5.4 3.69% 4.9
143 (5.87) i B.R 5.8 4.97 H.4* 5.0
144 5.67 5. 1%+ 4. 0% 4.3** 5.29% 1.8
145 3.95 4.2 3.7 3.7 4.24%* 4.4
146 3.07 3.3 3.1 3.17 3.534 3.7
147 2.38 2.5%* 2.6** 2.7T** 2.92% 3.0
148 1.70 1.85 2.0 2.27 2.28%* 2.36
149 1.13 1.3** 1.45 1.9%* 1.75 1.86
150 0.67 0.80 1.05 1.45 1.38* 1.48
151 0.45 0.50 0.74 1,02 1.08 1.16
152 0.285 0.31 0.50 0.66 0.83™ 0.92
153 0.15 0.19*~ 0.32 041 %* 0.52 0.60
154 0.077 0.096 0.19 0.25 0.32% 0.37
155 0.033 0.048 0.11 0.15 0.20 0.23
Lo - e it i it ———— e s
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Table 2.3 (concluded)

CUMULATIVE MASS~CHAIN YIEIDS OF FISSION PRODUCTS
(VALUES ARE IN PERCENT OF FISSIONS)

U-235 U-238 Pu-23%
Mass o
Number Thermal Fission Fisgion 8-Mev Thermal Fission
Neutrons™ Neutrons Neutrons | Neutrons | Neutrons Neutrons
156 6.014 0,023 ** 0.066* 0.092** 0.12* 0.14
157 0.0078 ¢.012 0,034 0.057 C.054 0.078
158 0.002 0.0062 0.016 0.032 0.034 0.043
159 0.00107 . 0.0034 ** 0.0090** 0.0177%* 0.020%*** 0,025
160 3.5%x107* 0.0012 0.0936 0.0085 0.0092 0.011
181 7.6x10 ~° 4. 8x107 % 1 0.4x107% | 0.0044** | 0.0038%x*¥* | 00051

*Seymour Katcoff, Fisgion-Product Yields From U, Th and Pu,
Nucleonics, Vol. 16, Nec. 4, p. 78-85 (1958).

**L.R. Bunney, E. M. Scadden, J. G. Abriam, and N. E. Baliou, Radio-
chemical Studies of the Fast Neutron Fission of U-235 and U-238,
rnational Conference on the Peaceful Uses of Atomic

15/P/643, USA, June 1958,

Second UM Inte

Energy, A/Conf.
#+*#G. P, Ford, 4. S. Gilmore, et al., Fission Yiclds, LADC-3083, 1958,

**¥x*]1,. R. Bunney, E. M. Scadden, J. Q. Abriam, and N. E. Ballou, Figsion
Yields in Neutron Fission of Pu-239, USNRDL-TR-268, 1958, Uncl.:

4. Parentheses indicate estimated values or where Katcoff's value was
altered in order to adjust the yields to a gross sum of 100 in each peak.

b. 1ine indicates division cf two peaks that was used for individual peak sums,

o2
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Figure 2.2
THIN SECTION AND RADIDGRAPH OF A EaLLOU? PARTICLE F FROM A SMALL-YIELD

SURFACE SHOT AT THE NEVADA TEST SITE. THE PARTIC EISA TQANSPARFNT

YILLOW-DROWH GLALS WITH MANY INCLJSIONS OF CAS miERi ES AND UNMELTED
o it g - e
MINERAL GRAINS. THE RADIOACTIVITY i3 DISTRIBUTED IRREGULARLY ThROUGHOUT

T

THE GL 455 PHASE OF THE PAKR] ICLE




Figure 2.2
THIN SECTION AND RADIOGRAP- TF an ANGUL AR FALLOUT PARTICLE FROM &

LARCE-Y£LD SURFACT SHDT AT FROUVINDG GROUNDL THIZ PARTICLE
1S COMPOSED ALMOST ENTIRELY OF Cal Ciun HYDRDYIDE WiTH & THIWM DUTER LAYER

DF CALCIUM CARBONATE. THE RADIDACTIVITY HAS COLLECTED ON THE SURFACZE
AND HAS DIFFUSED A SHORT DISTANCE INTO THE PARTICLE
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fFigure 2.6

TWO FALLOUT PARTICLES FROM A TOWER SHOT AT THE NEVADA TEST SITE. THE
PARTICLEON THE LEFT S A PERFFCT SPHERE WITH A HIGHLY GL.OSSY SURFACE;
THE ONE ON THE RIGHT HAS MANY PARTIALLY-ASSIMILATED SMALLER SPHERES
ATTACHED TO ITS SURFACE. BOTH PARTICLES ARE BLACK AND MAGNETIC AND
HAVE A SUPERFICIAL METALLIC APPEARANCE. THE INTERIOR STRUCTURE OF

THIS TYPE OF PARTICLE iS5 SHOWN IN FIGURE 2.7




Figure 2.7

THIN SECTION AND RADIOGRAPH OF A FALLOUT PARTICLE FROM A MODERATE-YIELD
TOWER SHOT AT THE NEVADA TEST SITE. THiS PARTICLE IS COMPOSED OF A
TRANSPARENT GLASS CORE WITH A DARKLY COLORED IRON OXIDE GLASS OUTER
ZONE. MOST OF THE RADICACTIVITY IS CONCENTRATED IN THE OUTER ZONE

-
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Figure 2.10
PHOTOMICROGRAPH OF A U.C/'PNMATE REAGENT FiM OF AN INDIVIDUAL LIQUID

FALLOUT PARTICLE FROM A LARGE-y:Z_L"™ BARGE SHOT AT THE ENIWETOK PROVING
GROUND. THE SOLUBLE CHLORIDE IN THE DRGOF .. REACTED WITH THE REAGEN1
FILM, FORMING A WHITE CIRZULAR AREA INDICATING THE a#QUNT OF CHLORIDE IN
THE DROP. THE AREA OF THE CENTRAL ELLIPTICAL TRACE COVERELD 2Y SMALL
SOLID PARTICLES IS A MEASUKRE OF THE WATER CONTENT COF THE DROP. THE
SOLIDS IN THE TENTER ARE SMALL SPHERES FORMED BY THE CONDENSATION OF
THE VAPORIZED BARGE AND BALLAST MATERIALS
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The particle thin-scction analyses. although giving much information

PRy . . . : sl fi oemeesma imoeinomoagn Lo S,
on the structures of falleut purticles and on the way they are foimed, give no

quantitative data on the radio-chemical composition of the particles, and only

a limited amount of unclassified information is available from radio-chemical
analyses of {fallout particles. The first information of this kind was reported

by Kimura®? et al, who presented analyses of the fallout from Shot Bravo,
detonated on March 1, 1954. The fallout for these analyses contarninated the
Japanese boat No. 5 Fukuryu Maru. Some of the particles, called ashes or dust
because of the white color of calcium carbonate or hydrozide, were collected by
the crew of the ship who carried the material back to the Japanese mainland
where the analyses were made.

in the report, Kimura chose to refer his data to the thermal-
neutron fission of Pu-239. The data were reanalyzed on the basis of 8-Mev
neutron fission of U-238 because of ihe reported high abundance of the nuclide,
U-237, presumably produced by a (n, 2n) reaction on U-238. In this instance,
the Pu-239 was presumably produced by a (n,7 } reaction on U-238 in which
the initial product, U-239, had, to a great degree, decayed to Np-239 and then
to Pu-239 by the time of the analyses. Kimura's data are compared with the
calculated aciivities for U-238 fission at D + 25 (25 days after detonation) and
summarized in Table 2.4. The ratios of the observed percentages to those
calculated for the rare earth nuclides, Y-91 and Nb-95, are greater than one.
It is clear that the percentage of fission productactivitv missing is greater than
the 17.45 percent unaccounted for in the sample analyses. To check the reality
of the high vield for Nd-147 and the low yield for Ce-141, the two ion-exchange
elution curves given by Kimura for the rare carth nuclides at D + 40 were
integrated, giving the focllowing percentages: Y-91, 18-21 percent; Pin-147,
Nd-147, 3-12 percent; Pr-143, 15-30 percent; and Ce-141 Ce-144, Pr-144,
40-50 percent. These values agree with the calculated percentages of Y-91,
21 percent; Nd- 147, 10 percent; Pr-i43. 25 percent; and Ce-141, Ce~144,
o144 45 percent, at D + 40. Thus it was concluded that the ratios 0.83 and
2.06 in Table 2.4, for Ce-i41 and 212 147 respectively. do not indicate a
depletion of Ce-141 and an enrichment of Nd-147

Assuming that the rare earth elemecnts, ytirium, zirconium, and
niobium are in the correct ratios for U-238 {ission, their gross contribution to
the activity may be uscd as a basis for estimating the relative depletion or
enrichment of other fission-product nuclides. The data of Bolles and Ballou?
for U-235 {ission products (with adjustment to the {ission yiclds of Table 2.3)
were used to calculate the percentage of activity at D + 25 for U-238 fission with
8- Mev neurrons. The indicated unfractionated nuclides coniribute 46.9 percent
of the beta activity, whereas the observed percentage was 65.0 percent; hence
only 72 percent of the normal fissicn-product mixture activity must have been
present in the sample. The remaining 28 percent was then either with another
group of particles or did not condense on any large fallout particles.

1
o
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The ion exchange elution curves reported by Kimura for a gross
sample on D + 20 to 22 were also integrated and adjusted to the percentages of
the total activity lying under the curve at D + 21. The results are given in
Table 2.5, along with the data from Table 2.4 for comparison. In this case, the
observed percentage for the rare earth (yttrium, zirconium, and niobium)
nuclides is 65.4 percent and the calculated [raction is 43.4 percent; this indicates
that, at D + 21, 66 percent of the total activity of the normal mixture was present
in the sample. The percentages at the two times differ a little; they would, of

course, be expecterd to change with time. ;

The estimated fractionation numbers, r,(A), given in Table 2.6 for '
various nuclides in the fallout were compiied irom the data of ‘Jables 2.4 and
2.5 and other sources as noted. In addition to the rare gas elements and their
daughter products, the important elements in the fallout that were depleted
include Ru, Te, and 1. Other elements undoubtedly were also fractionated but are
not listed because they would not contribute significant amounts of activity at
D+ 21 and D + 25. The summed heta activity for the unfractionated mixture
of activities at D + 25 is 7.61x10™ disintegrations per <econd (d/s) per fission.
Since only 72 percent at this amount is present in the fallout sample, the
equivalent beta activity at 1) + 25 is 5.49x10 ° d/s per fission.

Pu-239, with a 24,364-year half-life and formed from the decay of
U-239 and Np-239,has a decay rate (1/A) valu: of 1.11x10** atoems of Pu-239 per
d/s. At D+ 25, iue reported ratio of the Pu-239 activity to the fission product
activity is 5.0x10°° . The product of these values gives 0.3 atoms Pu-239 per

fission. This is essentially equal to the numher of U-239 atoms formed at zero

time.

The ratio of the activity of the U-237 to the fission products at
D + 25 is given as 20/80. For the 6.75-day half-life, 1/A is 8.42x10° atomns
U-237 per d/s; hence the reiative capture number, C, is

(2.1

iy -0.693x25
C(237)= (20/80)x8.42 x 10° x 5.49x10 ¥exp { 675 }

= 0.15 atoms/fission

Since the alpha-counting technique and separation methods might
result in low values of Pu-239 activity relative to the total, the yield of U-239
(or Pu-239) in the sample could well have been larger than 0.3 atomns per
fission. For a broad energy band of neutrons ceantering at about 8- Mev, the
yield froma(n,¥) reaction on U-238 could be as much as 5 times the yield of

the (n, 2n} reaction.

%))
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.
Table 2.6

SUMMARY OF ESTIMATFED FRACTIONATION NUMBERS
FOR BETA-EMITTING NUCLIDES IN CORATL FALLOUT
FROM NO. 5 FURURYU MARU AT D21 AND D425

Fractionation Number, rq(A)
T e e B
i | D+21 D425 Selected
Nuclide 1 Note data data Value
—— e e e m P B . .
Kr-55 1 (0 (1} 0
Sr-89 0.27 0.22 0.22
Sr-90 0.27 0.34 0.34
Y -90 | I0.27 0.31 0.34
Y-yl | L0 1.0 1.0
Zr-95 1.0 1.0 1.0
Nb-95 1.0 1.0 1.0
Mo299 1 (1.0) (1.0) 1.0
Ru-103 1 (1.0) (1.0 1.0
Ru-106 2 0.14 0.41 0.11
Rh-106 2 0.14 0.41 0.41
Ag-111 1 (1.0 {1.9) 1.0
oy -115 1 (1.6} (1.0} 1.0
Cd, 115 | 1 (1.0) (1.0 1.0
li-118 1 (1.0) (1.0 1.9
Sn-123 t (1.0) (L0 1.0
Sn-125 1 (1.0 (1.0 1.6
sh-ivs oy (1.0 (1.0 1.0
Sh-127 1 (1.0) (1.0) 1.0
Te-127 1 (1.m (1.0) 1.0
Te-129 2 0.09 0.27 0.27
Te-132 ‘ 2 0.06 0.19 0.19
1-151 |2 0.08 0.24 0.24
1-132 2 0.06 0.19 0.19
Ne-133 1 1 (0) (0 0
Cs-137 | 3 -- 0.23 0.23 i
Ba-i40 | 0.40 0.39 0.0 j
Tae 1 | 5.0 | 0.5 GO ,
Ce-141 1 1.0 10 1.0 :
Ce-111 1.0 1.0 1.0 ’
Protds | 1.0 1.0 1.0 i




Table 2.6 (concludoed)

SUMMARY O ESTIMATED FRACTIONATION NUMBERS

IFOR BIETA-1
T'ROM NO,

SMITTING NUCLIDES IN CORAL FALLOUT
5 FURKURYU MARU AT >+21 AND 1325

I'ractionation Number, r, (A)
R DIV D+25 Sclected
Nuclide Note 21 ren crectec
datn (inta Value

Nel-147 1.0 1.0 1.0
Pm-147 1.0 1.0 1.0
Sm-151 1.0 1.0 1.0
Sm-153 1.0 1.0 1.0
Fu-1565 1.0 1.0 1.0
Jou--166 1.0 1.0 1.0
Note 1: Estimated
Note 2: Fstimated from ion exchange elution peak

activity percentage and from data of Scction

2.8, giving the relative fractions condenserd

ol mass numbers 132, 131, 129, and 106, con-

sideved to be in the ratioof 1 : 1.3 - 1.4 2.2,
Note 3: From a plot of v (A) versus the half-life of

FOre-gas procursors,

42
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It may be noted that, at Dt 25, the relative activity of 56-hour

Np-239 is 2.06x107" d/s per atom of U-23 ‘) procuced mitially, and for 6.75-dny
U-237 it is 9.13x1078 d/s per atom of U-237. Thus, even at a Hh-to-1 vield

the activity of the Np-239 at D+ 25 would be only 1/8 of the U-237 aetivity
he factor of 5 would give a capture number,

-0

ratio,
and would he difficult to detect.
C(239), value of 0.75 atoms per flssmn.

The second set of unclassified data on the radiochemiceal content of
was reported hy Mackin and coworkers at NRILZ1 The
s on coral islands at the Eniwetok

radioactive particles
sample particles were obtained from detonations
I\y 2 Ervene

analyses are made for only HEGAYS

Proving Grounds in 1956, Tn this case, anal
radionoclides: Mo-99, Sr-89, Ba-140, an Howoever, no Np-2239 dai
are reported. In addition, the gross activity of the particles is measured hy
using a well-crystal (WC) Nal(T1) scintillation counter and a 4» high-pressure
argon gas (at a pressure of 600 psig) gamma ionization chamber.?s

Many of the particles were weighed so that specifie actlivities could

he determined, and some data on gross samples were obtained. The Mo-99
was utilized as the "fission" tracer with the assumed yield of 6.

sufficiently close to the yield for the 8- Mev neutron
SOMe

raclionuclide v
percent: this yield value is

fission of i-238 that no adjustinent of the reported values was requirved.

of the data are summarized in Table 2.7, The particle type designations "altered”

and "unaltered! usecd by the authors have heen changed to "fused! particles and
"irregular' particles as the first classification of the particles as the first

classification of the particle type since the thin-section analyses showed that

most of the irregular particles have heen ealeined.

Because of ;m'zlvli("ll l‘oquir(\mvnts, only the more highly radio-
active particles wers used in the 33 lyaes. This imcans thal the resaiis
arce applicable only to a ci(ssm':pui\‘:. of the larger partic

fustrating the possible range in vaiues of

s, However, even with

this bivs, the cesults are uscefui in i
all the measured quantities,

The counting--rate and ion-currvent measuremoents were corrected to
470 hours before the apparent average ionization rates, WC-rafes ner fission,
ion current per fission, and the specifie jonization rate were computed. The
decay corrections for the WC measurciments were obtained from the reperted
decay curves for the two types of particies. the ionizadion rate decay covreociions
woere obtained from unpublished data on particles from the same scot of samples,

Wi

It is quxl(‘ tikely that cach pmll( le had its own deeay rate, differing

o AR INRRER »fnm-' with o <inerde

{to =omco
Vol sy oo d

,~tl\ e s amd :.J ) :
H i PPN [

et
lv])(‘ ()f deeay curve, the corrcetions to o common lim(' are onlv approximate,

The vaiability of the vatio of the ion current o the WO count - rate
of the set of particles is the fivst indication of 2 oross diffcrence indhe relative
ahmdances of the cmitted gnmma ravs of difforent cnergivs, henee of

Y3
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Tahle 212

AVIERACE WRACTIONATION NUMBERS OF RADIONUC LIDES IN FALLOUT
FROM TOWER AND BALLOON-SUPPORTED DETONATIONS AT THE

NEVADA TEST SITE

H

Nuclide

R(95)

Sr-89
Sr-90

Y-9i

Zr-95
Ru-~103(106)
Ba-140
Ce-141(144)

Tower Balloon

0.32
0.65
1.4

D

O

Q0
4
.4
1

1.7

W o=
W avo p N

N W

a. Relative to the yvields for thermal neutron fission of U-235,

Table 2.13

GROSS SOLUBILITY OF ACTIVITY ¥1OM SMALIL FALLOUT PARTICLES

Percent Activity Soluble?®

Type of Detonation in H,O0 | in 01N HCI
Undergroux] 5.4 25';' V
Tower-Mounted 2 14 to 36

H 5
Ralloovn-Supportcd T4 60
31 90

Particle Sizce
(microns)
0-44
0-44
Al-ca 100
0-44

d4-ca 160G

e e e

a. Basecd on beta count-rate measurements (presumably at about 2 weeks

after detonation).

than were condensed in this manner in the towey detona

]

ion. The higher

Litrin,

solubility of the activity in acid, especiaily for the air burst fallout, may be
partially due to dissolution of the primary iron oxide or alumina particles,
However, the very high solubility in both water and acid ol the racioscuvity
on the iarger particles from the air burst suggests almost compliete surface
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Tabhle 2.14

GROSS SOLUBILITY OF ACTIVITY FRROM SAMALL FALLOUT
PARTICLES LLODGED ON PLANT FOILIAGE

.Distance From Fraction Digsnlved?
Plant Type Ground Zero in
{miles) 0.1N HCL

1. Shoi Apple I (14 KT on 500 ft. Tower)
Artemisia (Sagebrush) 12 0.20
Ephedra (Mormon tea bugh) 40 0.27
Ephedra (Mormon tea hush) 80 0.15
Juniperus (Juniper) 165 0.32
Average: 0.24

2. Shot Met (22 KT on 400 ft. Tower)

Larrea (Creosocte bushj 20 { 0.26
Larrea (Creosote bush) 58 0.08
Medicage {Alfaifa) 140 I 0.14
verage: 0.16

3. Shot Apple I1 (29 KT on 500 ft. Tower)
Triticum (wheat) 7 1 0.19
Triticum (wheat) 40 ! 0.17
Triticum (wheat}) 106 ‘ 0.35
Average: 0.24

a. DBased on bein couni-raie measurements.




weathering factor of 0.4 due to the first heavy rains 10 to 20 dayvs adter the first
decav curve. This

deionalion, apparently by comparison with an inappropriate
misinterpretation has also been noted by Knapp™™' in discuszsions of this subject.

Fxperimental measurements reported by Miller and Reitemeier ' on sol-
uble radionuclides deposited on soils through which water has passed gave an
average leaching depth, for Sr-89, of 0,75 inch after passing 30 inches of water,
and 1.5 inches afler passing 300 inches of water. The movemont of Us-137 is
found to be only 9.25 inch after passage of 300 inches of water, even in sandy
soil. Larson and Neel®® report penetrations up to 0.5 inch after the passage of
84 inches of water; the source of the activily used in the experiments was not

. cee 1
speciiied.

These data show that the soluble radionuclides, in almost all cases, would
be absorbed by the top inch or two of soil particles and remain there unless the
whale layer eroded away in heavy rains. Dut even in this case the nuclides would
remain attached to the particles; the fraction of the nuclide soluble in water in
such conditions would be negligibly small. The studies of Thornthwaite, Mather,
and Nakamura®' show thai many rain cycles would be needed to transport the
activity farther than nbout two inches below the surface of the soil. Since most
of the radioactivity on the larger fallout particles would be fused into the
particles, the only way it could move into the soil is by mechanical mixing, as
occurs in the plowing or discing of agriculiural lands.

The translocation of fallout particles on land areas hy wind occurs to a
small degree. The experience in the Nevada Test Sitey (under dry conditions)
where excursions in the fallout area were made by experimental crews to
recover fallout samples, was that, for entries during the firstday after a detona-
tion, clothes hecame contaminated with small fallout parficles due to the stir-
ving up of surface dusis and brushing against deseri plants, but thai, for entrics
after the second day or so, only the bottom parts of shoes (or booties) picked up
fallout particles. Apparently the small particles become adsorbed or physically
attached to larger particies, or otherwise become mechanically trapped by the
surface soil grains.,

Movement of large particles by the wind is usuilly small beeause the
larger gravity foree retards such movement. However, particles in fhe size
range of about 100 to 300 microns drifi more easily ihan pariicies of other dia-
meters if the surface wind speed is in excess of about 10 inph. These particles,
if dislocated, may carry with them small attached fallout particlos, ¥
experiments at Camp Parks, California, reported by Sartor and Owens”© in
which particles with diameters from 150 to 300 microns (tagged with Ba(La}-140) ‘
were deposited on various tvpes ot surfaces showed that the movement of the 1
particles on unpaved areas and on tar and gravel roofs is insignificant, even for
wind speeds up to 20 mph. The movement of the particles on and 'rom paved

&40




areas is found to be quite large; the particles apparently moved in the wind by
hopping and by rolling over the smooth surfaces, alithough very few particles
were raised higher than 3 or 4 inches. They did not jump over curbs hut were

Stemio

deposited along the gutters and in depressions and behind low obstructions.

The fraction of the original ionization rate remaining, as measured in
the center of a street and in the center of a rather large area of asphaltic con-
crete, is plotted in Figure 2.14 as a funciion of the total wind vectoy {(including
only winds in cxcess of 10 mph) that occurred over a ten-day period. Further
data of this kind on other particle sizes arc needed to establish whether the
data of Figure 2.14 are representative of the reductions that could occur
generally in the ionization rate ai locations of interest. ‘Lhe reduction in the
ionization rate for both areas in the first four days (wind vector ot 200 miies)
was equivalent to a decontamination of about 50 percent; some of this, of
course. was due to shielding, since the particles concentrated in surface
depressions and along barriers.

2.6 The Collection and Retention of Fallout Particles by Plant Foliage

Some of the data obtained at weapons' tests on the collection and
retention of fallout particles by foliage are reported by Romney, Lindberg,
Hawthorne, Bystrom, and Larson.3® Their stated findings, with respect to the
ability of the outer surface of leaves to trap and retain fallout particles,
were that the size-range of particles lodged on the foliage was predominately
less than 100 microns in diameter and that the best correlations of the amount
of activity (beta count-rate) on the foliage was with the fraction of the total
activity carried by particles having diamecters less than 44 microns that landed
at the samc location. These two findings suggest that the foliage of most plants
ig selective in trapping only the smaller sizes of fallout particles. Some of the
reported data are given in Table 2.15, as converted f1 »m curie units at H+12 to
the equivalent number of fissions by use of the factor, 5.67x10° fissions/micro-
curie®® The median particie diameters are faken from the plotied particie-size
disiributions in Tigure 2.i5.

It is interesting that the median particle diameter increased with fallout
arrival time up to arrival tirnes of 4 to 5 hours after <detonation. However,
since the data are for differcnt plant species, part of this increase also may
be due to the plant species selected for analysis. The spread of the distribu-
tions, however, tend to decrease with iime of fallout arrivai or with decreasing
particle size of the arriving fallout. The upper-limit particle diameter cut -off
is fairly sharp at diameters larger than 88 microns, excepting for the bush-
mallow foliage sample. The higher retention levels and larger particies on the
bushmatlow foliage is probable due to the high density of stellate hairs on the

leaves which would serve 1o trap aind hold particles onte e surface.




Figure 2.14
REDUCTION IN THE IONIZATION RATE AT THE CENTER OF 10TH S ET AND AT THE
CENTER OF THE PLAZA, CAMP PARKS, CALIFORNIA; AS & FUNCTION OF THE WIND
VECTOR (sum of the products of wind speed 7 time) FOR WINDS IN EXCESS OF 10 MPH OVER
A 10-DAY PERIGD. THE TAGGED PARTICLES WERE 150 TC 300 MICRONS N DIAMETER
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Datz on the collection of the falioat trom Apple T shot and Smoky shot
tower detonations by some forage crops are given in Table 2,16, The fractions
of the deposited fallout retained by red clover (in ffats) increased with time of
fallout arrival from about 0.1 percent at 7 miles downwind rom the Apple 11
shot to about 1 percent at 106 miles nway. For wheat, the fractions retatned
increased from about 0.2 pereent to about 6 perceni over the snme range in

distance. The bighest fraction retained, of these data. was for alfalin folinge

at 259 miles away from shot Smoky. The distributions of the activity on the
fallout particles that were deposited at several of the locations are plotted in
Figure 2.16. ‘The valuces of the median diamcters deercase with time of arrival
as would be expected but the spread of the various activity -size distributions

b

appeara to be ronghly the same. in logarithmice vnits. in all the collected sam-

ples.

The major conclusion from the data of Romney and coworkers is that
the rraction of the deposited fallout collected and retained by foliage is rather
small even when the diameters of the arriving partictes are small enough to
be trappcd by the hairs and resins on the leaves. This large trees and shrubs
cannot be considered as significant sources of radiation where heavy faltont

t
sl $hhe s
P WICHO il

by
o
-
o]
=
o]
F)

L a4 - A P R PHPTEFS PIY PN 310 o ~
Goepostts from dand surface detonations o

are in excess ol about 50 microns.

There are no good data on the decontamination of fallout particles from

foliage (negleciing data on the very fine material of world-wide faltout). Rom-

ney and coworkers.™ however. do report data on the decontamination of fallout
particles from foliage; these can be used to indicate at least the upper limit of
a decontamination by a heavy rain. The results of the experiments. using the
decontamination reagents water. 0.1 normal HCT and 5 percent KDTALD ave sum -
The water decontamination data would be most reproe-

marized in Table 2.17.
The desert

sentative of the decontamination that could result in a heavy rain.
folinge decontaminated gencerally 1o levels between about 30 and 40 percent of
the initial deposit. However, the smooth-leul annuail was deconiaminaied io

2 percent and growing wheat was decontaminated to about 20 percent of the ini-
dal level. The latter value should be representative of most grass-type foliage

The foliage contamination data appear to show that all the leaves on a

plant retain about the same level of contamination on all the foliage. If excep-

tions to this rather uniform distribution on plant foliage can cccur. they coneeiv -
ably would be maost predominant in folinage growths such as o very deonse tall
growth of grass. This interpretation of the contaminaiion process al least agrees
better with the ohservations than a process in which only the exposed sur fnees

ol the extericr or upper leaves are assumed to be the only collesting surfaces.
The use of the assumption of uniform containination of all the inliage on a plant
allows corrvelation of the (alload pacticle retention data in terms ol the mass of
the colleeting ioliage on a plant. The correlation of the falloat retained per unit

|4




of dry plant (leaf) mass with the total amount of rallout deposited at a location
can then be used to evaluate the internal radiological hazard from the intake of
radionuclides in the fallout retained on foliage. To make the correlations, a
foliage contamination factor, ay,, is defined as the ratio of the number of fis-
sions per gram of dry plant (foliage) to the number of fissions of total fallout
per sqg. ft. of seil surface. If the plant or foliage surface density is defined

as wj in grams of dry foliage per sq. ft. of soil surface, the fraction of the

fallout retained by foliage is

{fissions/ft* on foliage)

-~
[t
~

(fissions/ft? on soil)

The denominator guantity. fissions/{t? on soil is the total fallout deposit
uncorrected for the amount on the foliage. The value of wy, is a measure of
the density of plants growing on the land. The values of ar, and a*I (for only
part\cles W\(h diameters less than 44 microns) reported by Romney and co-
workers® are given in Tabie 2.i6 for naiive deseri-iype ioiiage. The in~
dependence of the values of a*y, on distance from ground zero is further
cvidence of the selectivity of the foliage in retaining only the smaller particles.
The high values of a*{, for the fallout from Shots Met, Diablo, and Shasta could
be due either to higher humidity conditions and early post-shot plant collections
or to the fact that the fallout from these detonations contained a fairly large
fraction of the activity on particles with diameters between 44 and 88 microns
which were retained by the {oliage

/‘

For general uge, the value of 2, is a2 more important guantt
The dependence of the values of a; on sev ord) detonation pa r"‘lh]Ct("r‘b zmd f\zr

ther analysis of the data presented in this section are given in Chapter 6 in the
form of faliout contour ratio scaling functions.

the values of ay increase with distance from ground zero.

It was proviously mentioned that, fov 100 percent retention of the fallout
on ciover, the predominance of the direct uptake path for animals eating con-
taminated clover might be on the order of 3500 to 3000 times greater than that
of cating new clover on contaminated soil. Nowever, for foliage conditions
where the value of ap is 1. 0x10°% and w, is 10, the lm,tor of predominance for
the direct-uptake path is reduced to the order of 35 to 50. Thus the direct-

uptake path, nt least for exposure times of nbout a yoar, can be expected to be

the predominating source of an internal hazard to animuals and humans after a
nuclear war in which land-surface eaplosions take vlace.

In most of the data of Table 2.18,
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SUMMARY OF AVERAGED F
NATIVE FOLIAGE EXPOSED

Tabhle 2.18

OLIAGE CONTAMINATION FACTORS FOR
TO FALLOUT FROM TOWER- AND

BALLOON- MOUNTED DETONATIONS AT THE NEVADA TEST SITE

3 3
107 a L 10 aL
fissions/gm o fissions/gm of
Distance from dry plant dry plant
Shot Ground Zero 1177
(miles) \ fissions/ft" of tissiong/{t? of /
\total fallout / \54»111 fallout /
Tesla, 1955 12 0.008 2.23
60 0.413 2.21
79 0.453 2.26
26 0.524 2.09
Apple I, 1955 12 0.355 2.78
40 0.823 2.36
20 0.465H 2.02
Met, 1955 20 0.625 12.64
80 2.37 18.00
140 2.69 18.23
Apple Ti, 1955 7 0.002 2.39
48 0.720 2.32
106 0.97 2.00
Prisciila, 19577 7 4.30 5.00
R4 2.28 A
129 5.12 6.42
154 .20 6.46
190 4.30 G.16
Diable, 1957 12 1.91 23.
15 1.79 39.0
20 1.63 17.8
10 5.23 iz.2
62 12.9 16.5
Shasta, 1957 15 1.52 11.6
44 1.87 7.72
76 2.81 3.62
172 8.10 9.42
Smoky, 1957 4R 0.160 2.98
30 0.373 2.52
100 4.250 2.85

01




‘T'able 2.18 (concluded)

Shot

f
Distance from /

10° .

I
\

dry plant

issions/gm of \

Cround Zcro

3
107a7,

fissions/gm of
dry plant
| :

fissions/ft? of

i
{miles) fissions/ft” of
total faliout <44y fallout
136 0.529 2.76
ih8 1.40 3.12
175 1.29 2.90
206 0.932 3.28

Balloon-mounted detonation
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Chﬂpl e 3

A THERMODYNAMIC MODEL CF FALLOUT FORMATION

3.1 The Condensation Process

The asgentinl foatures of the fallout formation precess deduced from the
3 g be} -

final siructures compositions. and generui prop oS o out pur &5 an
described in Sections 2.3 and 2 .4 are that
1. Some portinon of the radioactive elements condenses into liquid

particles.

Some portion condenses onto the surfice of solid particles

)

3. If a iime limil is placed on the process. some fraction of some ol
the radivactive elements will be still in the vapor phasc.

Even in the case where the builk carvier is sen wiater. the {irst two
statements are valid for the faliout from a moderately high-vield detonation
near the sea surface.sincethe temperature of the drops. al the altitude of the
cloud, will at some time fall below [reezing.

Tho general condensation process can be dividaed §; VO genciad time
poricds, The first poriocd of ihc process 3 chiasactevized by the prescencoe of

g7is and liquid phases and the sccond period by the esisience of gus and sofid

phases. The lirst poriod of condensgation ends whon the hulk carrier particics
solidify  Therc is probably no real precise instant at which this occeursin the
fireball since temperature gradients must certainiy exist: the different-sizes

of purticles cool and seohdify at difforent rates and timog,

One most important aspeet of the condensatrion of the radicuctive fission
products into the liguid phase is that the isionh producl clemenis and compounis
are dissolved to torm a very dilute solution. Decause of this difution, the
solution procesgs can he treated with neglect ol (ajsuriuce saturation effects anc
(b interactions wmong the various radionctive eiements in the formation of the
=clution

In a glassy matrix, 1 e, afier selidification, e diasalved or compounded
figsion products should not he able to escape. With concentrations of the order
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OM THERMAL NEUTRON

R

FISSION OF U-235, FOR THE FISSION PRODUCT MIXTURES FROM OTHER FISSILE

GROSS AIR IONIZATION RATE FRACTIONATION NUMBER, r, , RELATIVE TO THE
NUCLIDES AND NEUTRON ENERGIES

IONIZATION RATE (in years) CF THE FISS!ON PRODUCTS F

Figure 3.6

100

] !J S M el il B el Bt
e ] N S SO
SN U NN R N DO AR Pt R A
,,,,,,, S ety s el il
n S SR AN N NS w-l S
i _ | i N |
+5431 % Tfﬁ, |—
I B S }iri_ﬁl. \\ i \vyl, N

10
TIME AFTER FISSION (YEARS}

186



The H+1 ionization rates at 3 feet above an infinite smooth contaminaterd
plane for a unit yield distribution of fission products per unit area are
summarized in Tuble 3.18. The highest value is for the thermal neutron fission
of U-235: the jowest is for fission-peutron fission of Pu-239.

Table 3.18

SUMMARY OF H+1 IONIZATION RATES OF NOKMA L. FIS8ION PRODUCTS®

{1i+1 lonization Rate)
(uit yicld/unit area)
(r/hr at 1 hr) {r/hr at 1 hr)

Type of Fission (fiss/sq 1) {KT/sq mi)
U-238 (thermal) 7.50x10713 3950
U-235 (ission) 7.58x10713 3940
LU-238 (8- Alev) 8.943%10713 3610
Pu-239 (thermalj 6.70x10713 3480
Pu-239 (fission) 6.54x10713 3400

a. Per unit vield per unit area, for 3 feet above an infinite smocth
contaminated plane.

The same value, 1.45x10% fissions, KT, was used to convert all the ratios
from fissions to kilotons. The corresponding ionization rate factor derived
from ENW is (1240 r hr a 1 hr) (KT, sq mi.) or about a factor of 3 lower than
the values of Table 3.18. Other authorsis.10.17.18  have made similar calculations
and comparisons of these factors and of the deecay curves for ihe thermal
neutron fission of 17-235,

The number of photons per disintegration und the average energy of the
photons for the normal mixture of fission products from §- dev-neutron
fission of U-233 arv shown as a function of time after figsion in Figures 3.7
and 3.5, respoectively,
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dhe ratio of the response of an AN, PDH- 390 11 radiac heid iy a man at
about 3 feet above a uniforn distribution of fission products over a plune aiea
tuo the calculated air jonization rate is shown in Figure 3.9 as a function of time
The instrument, for the indicated responsco. iz held by o man and

after fission.
<2 Fhe ratio varices from about 73 to

is calibrated with a Co-6i0 standard source.
77 percent: most of the reduction o the lonization rate measuyed is due to
attenuation of the gamina ravs by the person holding the instrument and by the
batteries and other dens« materijals near the ion chamber of the instrument.

The ouly estimates of the ioaization rate of mixed fission products at
early times after fission available arce those for the products of thermal neutron
fission of U--235. The data, and calculations of the garnina coergy releasce,
from these fission products at early tiines, atter fission have been summarized
by Zigman and Mackin?!® This summary of the gamma ray abundances is
converted to the ionization rates, photon encrgy emission rate, and average
photon energies given in Table 3.19. To adjus: the ionization rate values
calculated from the data of Zigman and Mackin to those of Table 3.17 at 45.8
minutes, the former were increased by 22.5 pereent: this adjustment provides
»oth join of the ionization rate decay curve from the early to the later times.

The eomiputed ionization rates for the fission product elements condensed
in the Hqguid of the ideal soil when it solidifies at 1400°C (end of the first period
of condensation) for times of 9 seconds (84-KT) and 60 seconds (14-MT) are
given in Table 3.20 for 8-Mev neutron fission of U-23%. Also given arc the vy
values, with respect to the normal fission-product mixtire {rom thermal
neutron fission of U-235. The variation in Figure .10 of the computed values
of rrp with time after fission shows that the dependence of the fractionation on
limes of condensation of 4 seconds and 60 scconds (84 KT and 14-MT,
respectiveiy) is not large, but that between about 2 hours and 4000 hours after
fission the mixture {rom the lower yielhd is more highly fractionated.

The minimuwm in the curve at 2 hours is duce 1o major depletions in Cs and
Te, wiereas the minimum at about 200 hours is due to depletions in 1 131 and
Ba-140 - Lu-140. Thoe maximam in the curve, at 3500 bours, sesults from the
high abundance of Zi- 95 - Nb-95, and the peaks at times longer than 10,000
hours arce due to the high vields of the rare carth eloments from U-205 fission
products withh respoect 1o the U235 fission products.

The observed variation in ey with time after fission as measured with 2
ation chamber, is shown in Figure .11 for the falloot from a low

standard oy
tower shoto
the values computed for the larger viclds and with the exception of some details

The ebserved v value at 1 hour atter detonttion is vory close 1o

in the curve that may be due in part to the response characteristios of the ion
chamboer and. in part. 1o

trrend of the obascived curve dauile well,

Ctyvpee of fission, the caloutated curves Tojiow tihe
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Table 2.19

EARLY-TIME IONIZATION RATE, PHOTON ENERGY EMISSION RATE,
AND AVERAGE PHOTON ENERGY FOR FISSION PRODUCTS FROM
THERMAL NEUTRON FISSION OF U-235

i e

Photon Energy
Emission Rate

(Mev/sec)/(10° fissions)

e S
i Average Photon

Energy
(Mev/photon)

Time After Air Ionization Rate
Fission
(secs) Q0™ i3 r/hr)/ (fission/sq ft)
1 25,600
1.5 19,800
2 16,600
3 12,700
4 18,300
6 7,530
9 2.680
13 3,820
19 2,680
28 1,840
41 1,250
60 840
88 560
129 373
189 250
277 166
406 165
585 70.2
870 45.5
1280 i 28.5
1870 17.9
2750 | 10.5
4030 ! 6.65
5900 4.15

5,020
3,940
3,300
2,530
2,060
1,510
1,060

768

N

= e N o
() B e
[ N

(el
\V]

B
©

+ N

st W
VWL OoWN
c’::;;c:oi-‘ba

5

R ¥4

S
]

[T %)
Ngoi\’)
N oo

0.776

|
{

192

1.150
178
.200
.235
262
.296
.32

.348
.363
.375
.384
L350
393
.390
.378
355
.308
245
.170
674
.992
.958
.970
.964

OOODD—-‘HP—HHHHHHP—‘HF-‘HHHHP-‘HH




00000QI

[slo]e]o]]

000!

(SHH)}NOISSIZ Y314V 3WIL
[¢1s]} al [} VO

Z0

N
~ -
\ Ly mo! ve
v 8
~
\ .
//\\ 96

21

i

852-N 40 NOISSId NO¥LNAN A2W'g WOMd SLINJ0¥d NOISSIE 40
JUALKIA O3 LYNDILOVES IHL 404 NOISSid 53 L4Y IWiL HLIM 4 40 NOLLYIEYA
0L'g @nbry

e ——————



TONIZATION RATE FOR FISSIOGN

AFTE
T THAT FOR THE
.-

K OFIBRION OF U

;1

(U2 SR VR )

Fidsde 1120

3) AND RATIO

SORMAL MINTURE FRON FISSICN

ST K

(CTHLLDNAL 200D

PROCDUCTS CONDENSED €N TDEAT SO.EL
AT 1400 C AT U BECONDS (v4-KTy AND 69 BRCONDS (14-0)
“éGe (v MEV NEUTHON

| Time After Detonation bt e
Years % Dayvs hours 84-KT1 14-MT | 84-KT 1 14-MT
| 0.763 (8)371° (33345 | 0.372 0.346
| 1.12 (%)210 (8)220 | 0.331 0.316
! 1.64 (8)113 (8)ils | 0.287 0.2k4
; 2.40 (9)642 (9)667 | 0.262 0.272
f 3.52 (9)393 (9)429 | 0.279 0.304
i 5.16 9)274 (9)313 | 0.335 0.388
i 7.56 9)197 (9)231 | 0.412 | 0.453
i 11.1 (©)137 © (9)i61 | 0462 | 0.543
? , 16.2 (10)890 | (23102 | 0.493 | 0.565
| I 238 (0)544 | (10)389 | 0.560 | 0.607
: 1.45 34.8 (103323 (10)337 | 6.332 0.535 |
! 2.13 ° 51.1 (10)183 | (10)189 | 0.431 0.507 |
: 3.12 74.9 (11)96a . (10)103 : 0.424 0.453 |
i 4.57 | 110 G150 | (11581 | 6338 0.398
? 6.70 . 161. | (11)269 | (11)368 | 0.269 | 0.38%
; 9.82 | 236 (11)162 | (11)259 | 0239 0.3%2
. 14.4 . 346, (11)i10 ' (11191 ! 0.245 0.426 |
;21 506. (12)823 | (11)141 | 0.283 0.485
. 309 742 (12)639 | (11)100 = 0.352 0.551
' 45.3 1,087 (12)498 | (12)678 ' 0.469 0.639
© 66.4 1,584. (12)387 | (12)455 & 6.839 ' 0.752 !
' 97.3 2,335 (121293 (123311 | 0.798 | o.nd6
143, 3,430 (12)19% | (12)200 ; 0.813 | 0922 |
AR | 4,9590. (12y1i0 ' (iz)lov | 0.921 P0.596
361. 7,220. (13)479 l (13)438 , 0.982 | 0.498
1.20 438. 110,520 (13)170 | @13)129 ! 1.215 . 0.y22
1.78 650. |15,600 (14)577 | (14)819 © 1.486 L 0.821
2.60 949, 22,780. (14)279 | (@4)12s - 1.375 ~ 0.630
3.80 1,387. | 33,300. (14)133 | (i&3¥5  0.921 | 0415
5.58  2,087. |48.,900 (15)375 | (15)284 - 0.49% n.246
§.18  2,986. }71=7oo ' (im292 | (15)161  0.285 | 0.157
i2.0 | i [ (153184 | (15)111 - v.zue oLl
17.6 | | | (15135 | (16)807 ° 0.166 0.097
| 257 i | (16)936 ' (16)607  0.130 0.055

a. r/br at 3 it above an infinite smooth plance for 103 fissions per sq ft.

b. Number in parenthesis
point aud first digit (see¢ Figure

is

wmber o
2

T
3.21).
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For an ry, of 33 percent at H+1, the ionization vate at ] hour per KT per
s8q mi. would be 1190 for the mixtire of fission products condensed up to the
indicated times., If the fallout also contained neutron-induced activities that
coniribuie at fH+l, the ratio would b higher, The tmportant likely {or possible)
induced activities are those produced from ncutron captures by U-238 as was
found by Kimura’, Mackin®, Freilingzz and also reporterd by Stewart, Crooks and

21

Fischer

The activities and ionization rates of the possible produci nuclides, for a
vield of 10% atoms at zero time and up to 100 days later, arc summarized in
Tubles 3.21 to 3.24. For the casc in which the tabulated activities are
associated with the activitics from 10? fissions, they are equivalent to a yield
of one product-nuclide for each fission. Thus, for the casc where one of the
neutrons from each fission event results in a (n, y) reaction with U-~238, the
ionization rate from the products U-239 and Np-239 at H+1 would be 0.357x107"3
r/hr per fission or about 180 r/hr per KT/sq mi. The ratio for the gross
mixture is then 1370 r/hr at | hour per KT/sq mi.

if the relative vield of U-237 was that found by Kimura®, namely 0.15 atoms
per fission, the additional activity at H+1 would be 0.0020x10™ " r/hr per fission
or about 1 r/hr per KT/sq mi. A wicld of 0.15 atoms per fission of U-240,
however, would give a contribution at H+i of about 20 r/hr per KT/sq mi. If
i, i ratio for the mixture would be 1390 r/hr at 1 hour per KT/sq
mi. The observed ratio for this mixture of radionuclides in fallout particles on
an open real terrain would be iess than this value, due to both the instrument
response mentioned above and Lo shielding by the roughness of the terrain. If
it is assumed that the instrument response to the final mixture is about the same
as it is for the normal mixture of {ission products, then a value of about 75
percent (sce Figure 2.9) would be appropriate for the AN/PDR-39(TIB) or
similar radinc instrument. An effective terrain attenuation of 75 percent with
respect to the ideal smooth plane would give an obscrved value for the ratio of
about 780 r/hr at 1 hour per KT/sq mi. This is lower than the value, 1240,
obtained from the data of the ENW,

Additional discussions of how the condensation process may procced at
times longer than the end of the first period of condensation, and of how the
radioactive composition can vary with particle size and downwind distance,
are given in Chapter 6.
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Table 3.21

ACTIVITY FROM U-237 FOR 107 ATOMS AT ZIRO TIME™:

CcU-237 - 1

Time A I, I, D, (1)
After Fission (/) (r/hr x 10°) (r/hr x 10%) (rx 10%)
ih (1)1183"° (1)1339"° )957" 0
1.5h (1)1181 (1)1336 (2)u55 2)660°
2h (1)1178 (1)1333 (2)952 (1)138
3h (1)1173 (1)1328 (2)948 (1)267
4h (1)1168 (1)1322 (2)914 (1)400
6h (1)1158 (1)1310 (2)936 (1)644
8h (1)1148 (1)1299 (2)028 (1)922
10h (1)1138 (1)1288 (2)920 0.1183
12h (111129 (11278 (27913 0.1438
15h (1)1114 (1)1261 (2)901 0.182
18h (1)1100 (1)1245 (2)889 0.219
24h (1)1072 (1)1213 (2)867 0.293
1.5d (1)1018 (11152 (2)831 0.436
2d (2)968 (11095 (2)783 0.570
3d (2873 (2)988 (23766 0.821
4d (2)789 (2)893 (2)638 1.046
6d (2640 2)724 (2)518 1.433
8d (2)523 (2)592 (2)423 1.749
10d (2)12H (2)481 2)344 2.000
15d (2)254 (2)287 (2)205 2.457
20d (23152 (£)172 (23123 228
30d (3)547 (3)619 (3)442 2 .987
40d (3) 196 (3)221 (3)159 3.080
60d (15252 (4)285 (4)204 5.125
80d {H)323 {(3)365 (H)261 3.130
100d {8414 (1408 (63335 3.132
L _ B

1, Number in parenthesis is number of zeros Hretwe

digitl.
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ACTIVITY FROM U-239 FOR 10T ATOMS Al Z RO TIMET O

Tabile 3.22

{

AN i

DY N

Time A Ya i,
After I'ission (d/s) (r/hr x 10"} (r/hr x 107) (r % 107

th 0.8365 0).324¢4 0.1799 0

1.5h 0.:3485 0.13252 (1714 0.1080

2h ¢.1426 (1)5533 (1)317 (.1527

3h (1)243 (2)942 (2)522 0.1775

4h (2)413 (2)160 (3)B88 0.1830

6h {3)122 (4)473 (4)262 0, 18349

8h (5)334 (5)126 (6)718 0. 1839

10h (6)101 (7)392 (1y217 SRR

12h 0. 1839

15h 0, 1839

18K § 0. 18RBY .
241 0.18:39 i
1.5d 9. 1839 :
20 | 0.1839 ;
Sd I 0,189 '
4d Lopoasaa

6d 0.18239

Sd 0.1839

10 0, 1835

iHd 0.1139

20ci 0 1828

300 0.1839

40d 0. 1539

60 083

R0d 0. 1859
100d 0.18349

PN

a. 1,,1,, D, (1) are for the distribution of 16

an infinite planc at zero time

b, Number in parenthesis is number

first digit.

10~

atoms per square foot over

51 zeros between decimal point and




Jabie 3,25

ACTIVITY FROM Np-239 i"OR 107 ATOMS OF U-239 AT ZERO TIA S

C(r-239) 1

Time l A la ; i, iDL

After Fission | (d/s) (v/hr x 107 (r/hr x 10%) (rx 16%
1h (12873 (1) 107w (122700 | 0,
1.5h (1¥182 (13354 1 (Hz251s L (nyss
2h (13288 (1)3659 (1)2597 (1)349
3h (13323 (1)3698 (12626 (1y714
an (13292 (113644 i (1)2600 0.1084
6h (1)32186 (1)3579 (132540 0.1808
8h (1)3137 (1)3491 (1)2477 0.2512
10h (13060 (1)3406 (12417 0.320
1zh (12084 (13321 (12357 0.387
15h (1)2877 (1)3202 (1)2273 I 0.485
18h (1)2769 (13081 (1)2187 8.579
24h (12579 (1)2862 (1)2032 0.757
1.5d (1)2215 (132465 (11750 1.077
2d (1)1830 (1)2125 P (1)1509 1.351
3d (1419 (131579 ! (1)1121 1.791
44l [ (1)L055 (1)1174 b {23833 2.122
Gel (2)583 (2)648 I (2460 2.545
Rl (2)322 (21358 ' (2)254 2,787
10d (2)178 (2)198 (2)141 2.010
Iha G oz (3147 (n1e 2. 029
204 (1o (3)101 by 3.062
304 (5)467 {5)519 o (5)35Y 3.067
406 (63240 (6267 L (6)190 3.068
60c : 3.0GR
RO 3.068
106 5.068

—L | 1

a,

b.

I, Loy and D, (1) are for the distribution of 10" atoms per square toot

over an indinite plane at zero time.

Number in parenthesis is number of zeros hetween decimal point aind

first digit.
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abic

v

AT ZFROCTINTER.

ACTIVITY FROM Npo240 FOR 100 ATOMS OF =210
CiUz2a0y
— o I — ,
Time ! A P —,( 1. £, (1) I
Aftor )ission | (/3 (r/hr® x 167 | oy 07 (r x 1) E
= : — e — i
| 1h 0.1307 i 0,276 0.2097 0
5 1.5h 0.1279 ! 0.2617 I gzone 0. i
2h 0.124% 9,258 ‘ 0. 2002 0,265
3h Lo0.1189 0.2461 01901 0.51%
] 4h 0.1131 0.2341 0.1815 0.75%
' tih 0.1026 0.2124 0.16:45 1.212
&h (1)928" 0.1921 0.1489 1.611
! 10h (1813 6G.1744 0.1352 1.978
; 12h ;76 0.1579 0,122 i 2,412
! 15h i (1)65% 0.1362 0.105.';‘ i 2,754
Y81 (1 569 0.1177% (1";913" 3156
24h (1)424 (1)878P (1)480 ] 2.750
1.5d (1)235 (1)486 (1)377 ! 14.547
2 (1)130 (11269 (1)209 | 4.986
3d (2)100 ()RR (2)64 ' 5.372
4d (2)123 {2y254 [ (23197 { 5.484
6d {(N116 (33240 (33186 ’ 5.530
&l Poen11o (4)227 (H176 [ s
10d | imva (H)215 i (5)167 5.
X 15d | (8)286 (RIG0Y ! (50 5.
i 200 ] | ! 5.
| 110n ! ! |
j 40l ]l ; ; B
& GOd { Ii ll 5
§0dd ! ! f 5.
100d : { i 5.
o [ R i

a. la, I, and Dy 01y are

107 atoms por square oot

H
over an infinite plane at
h. Number in parenthesis is number ol zoros beiweoen decimal point ind

tirst digit.
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Figure 5.9

VARIATION OF IOMIZATION RATE WITH TIME AFTER DETONATION AT
X = 1.87 ¥ 105 FTFCR W - 103 KT AND A WIND SPEED QF 15 MPH
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Figure 5.12 .
VARIATION OF THE IONIZATION RATE WITH TIME AFTER DETONATION AT

X = 3.35 - 10" FTFORW = 10° KT AND A WIND SPEED OF 15MPH
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The fraction-of-devico contour ratio, in terms of the total number of

fisision events, is

AT

= 5 {(r/hr at | hr-sq ft)~* (6.41)
D(1)q,BW lra(l)ifp(i) + i,(uJ

o ) =

or, for the standard values of )(1), q,, and i, (1),
1.83x 07
. (6.42)
BW [ra(1) +0.019]

FD.(1)

The fraction-of-device contour ratio has two uses. The first is that it is

used to estimate the surface density of constitvents that are assumed to mix
uniformly with the more refractory fission products. The second is that it is
used in conjunction with observed fallout patterns when the latter are integrated
for the total fraction of the weapen contained within a siated lonization rate
contour. The use of both contour ratios is illustrated in Chapter 7. Volume TI.

For a land suriace burst, the average concentration of the fission
products is cstimated from the ratio of FP_ (1) to M (1j; this is

s.;ler)-z“:BwO-O“EjArjA(N) moles [p _
Cyp = (6.43)
f() mg fallout
6.1 Foliage--Contamination Factor Contour Ratio

In Chapter 2, the foliage contamination factor, a_, was defined as the

ratio of the number of fissions in the fallout on foliage per gram of dry plant
the nuniber of fissions in the total deposited fallout, per sq ft

{or foliage) 1o
the foliage surfoce density, w_ , (subject to contamination) was

of goil. Also,
defined as the grams of dry foliage per sq ft o soil. Thevefore, the foliage-
contamination factor contouv ratio is defined by

fissions on foliago/{t2 of soil arca
’ 6 .44)

F ()
K (t) r/hr
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The contour ratio, evaluated as of H + 1, is
aLWL fissions on foliage /£1? of soil area
K (1) r/hr at | hr

(6.45)

FC.(1)

where

(1Y and o aro nged Lt ic goon that multinlication
rid v i) and g are used. It ig seon thy I
of FC, (1) by I(1) gives the number of figsions on foliage per sq ft of soil arca

The "zero-time' nuinber of atoms of a given radionuclide (at least for
the end member of s mass chain) in the fallout is given by

. at s foliace : . oA
FC 1)i{1) 2 ;)mﬁ ()n. B (G.47
ft° of soil area

o .
NA N YA

in which YA is the mass chain yield in atoms per fission of mass number A.

The major interest in the contamination of foliage by fallout is related
to the fact that the consumption of ihe foliage by animals and humans may
produce an internal radiological hazard. Therefore, generalization and
extensions of the foliage contamination factor data from tower-and balloon-
detonation fallout are needed for making estimates of the potential biological
availability of the radicnuclides in the fallout from other lypes ol nuclear
explosions and for varicus foliage contamination conditions.

When contaminated foliage is consumed, some of the radionuclides or
some {raction of cach nuclide ingested is dissolved in the stomach fluids;
the remaindor stays with the particles and pass through ihe digestive tract.
Many of the dissolved nuclides arc assimilated intc the blond and concentrate
in specific body organs. The factors involved in this distribution and the
methods for estimating the resuliing internal doses are given by Ko7, Morgan

and othevrs?

However, meihods aie nceded for estimating the relative amount of cach
nuclide that is soluble in the stomach fluids. Evaluations of the internal
hazard cun be made ({for fallout conditions in o nuelear war, for example) from
the gencralizations of the foliage contamination {actor iogether with estimates

of the souluuilities of the radionuciides.




The amount of radioactive nuclides that pass through the digestive tract
may be considered separately because a large fraction of certain radionuclides
in the fallout will be insoluble. For these radionuclides, only the gross amounts
passing through need be considered. However, for the case of the assimilation
of the soluble nuclides in other body organs, each radionuclide must be con-
sidered separately.

6.4.1 Inscluble-Nuclide Fractions

A gross estimate of the radioactivity of insoluble nuclides passing
through the digestive tract from ingestion of contaminated foliage can be made
if it is assumed that the gross solubility of the radioactivity is the same in the
stomach as it is in 0.1N HCL. If the soluble fraction of the gross activity is
defined as §(t), the number of moles of fission product atoms ingested that
pass through the digestive tract with the particles is given by

moles of fission products

FP, = 3.32x107% [1 - S(t)] ApC,(t)

day
(6.48)

where Ay is FC, (t)I(t) in fissions on foliage/ft? of soil area, and C, {t) is in ~
ft? of foliage consumed/day. Equation 6.48 can be written in terms of dis/sec,
as

FP, = [1 - S(t)] AFCe(t)afp(t) dizgec (6.49)

where ay, {t) is in dis/sec per fission at the time, t, after detonation. It may be
noted that if C. (t} is defined in terms of grams of dry foliage per day, wy may
be eliminated from the definition of FC, (t) in Egs. 6.44 and 6.45.

Theoretical estimates of the fractional amount of inscluble activities
may be made from the data of Chapter 4 if it is assumed that all the fission-
product nuclides on the exterior surface of the particles dissolve in the stomach
fluids. The fraction not dissolved is then given by the r, (A) values for each of
the fission-product nuciides. If these fractionation numbers are redefined as
rjA, where j designates the element and A the mass number (isctope), then
Egs. 6.48 and 6.49 can be written as

FP

1t

g = ApCe(t)Z (t) meles of fission products

7S jAN A day (6.50)
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_and

. ac - dis/secc (6.51)
= O P . oAl ———— Yord
Pg 'r(G(t) J/\Ijx\j‘]A(t) day

where Nja (A) is the number of atoms of element j with the mass number A per
fission at the time, t, after fission, and a;4 (t) is the activity in dis/sec per
fission of the nuclide (the indices A and j define the nuclide in terms of its mass
number and its atomic number, or elemental designation).

6.4.2 Soluble-Nuclide Fractions

The solubility in digestive fluids of each element, radionuclide,
carried by the fallout particles deposited on edible foliage must be known before
estimates of the amounts of each that concentrate in the tissue of {specific) body
organs can be made. If the nuclide solubilities in 0.1 normal HCI solution are
the same as in digestive [luids, then measurements of the solubilities in the acid
can be used in such estimates. If the solubility in the 0.1 normal {IC1 solution
is defined as S; for the jth element, the amount and radioactivity of the ith
radionuclide (of element j) dissolved is

NIy = 166x1o-24A”(t)3\1 (t) moles/day  (6.52)
jA F'e JA ¥y
and
aly = ApCelt)Sia;ale) d—‘:é%"i (6.53)

in which S, is the fractlon of element j that is soluble. Theoretical upper-limit
valdes of N* (t) and a, A can be estimated by substituting the appropriate values
of rl (A), redefmed as rJA, given by Eq. 6.9 for S,.

It should be emphasized that, for general applicability, the values
of S(t) and S; must be known as a function of particle-diameter. For the
smaller particles, the values of R, (A), or T.,,are independent of particle size
but the values of r’ (A), or ri/A’ are not.

6.4.3 Variation of the Foliage-Contamination Factor with Particle Size

The values of a_ and K (t) depend on particle size. The dependence
of the latter on the particle-size d051gnat0r o, is represented by Eq. 6.46. The
dependence of a_ on « was derived from the data of Romney and coworkers®
presented in Chapter 2.
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The values of e that are-applicable to the various measured-values

of aI were calenlated from

P

o, X/h (6.54)

where X is the distance from ground zero and h is the mid-height of the cloud.
The values of ¢ can be used to estimate the median particle-diameter of the
particles deposited at the distance X by the methods desceribed in Chapter 5.
When v (the fall velocity) can be determined for the median particle diameter,
as obtained from particle-size data, then thc 15 mph value of o, can be deter-
mined from

a, = 22.0/v, (6.55)

. o

for v in feet per second. The values of h and other data, for the detonations
for which values of aL are available, are given in Table 6.9.

Table 6.9

SUMMARY OF SHOT CONDITIONS FOR ESTIMATING THE MEDIAN
) PARTICLE DIAMETER DESIGNATOR o

. Height .
_ Yield . it Type of
Shot (KT) Of(;:;)bt (feet) Shot

Tesla 7 300 24,000 Tower
Apple 1 14 500 27.000 Tower
Nel 22 400 35,500 Tower
Apple I 29 500 38.5G0 Tower
Priscilla 37 700 34,500 Balloon
Diablo 17 500 26,000 Tower
Shasta 17 500 24,000 Tower
Smoky 44 700 32,000 Tower

-

The values of the median particle size. with respect to the distri-

bution of activity on the particles. for two locations each on Shots Apple 11 and
Smoky, along with the computations of w,, are given in Table 6.19. The «,
values calculated by the two methods are nearly the same.
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Table 6.10

CALCULATION OF ¢4 FOR SOME FALLOUT LOCATIONS FROM
SHOTS APPLE 1T AND SMOKY

. X d v ) . .
Shot {miles) (mic:nrons) (ft,/srec) @ X/h o 2.0/
Apple 11 7 - - 0.960 (0.960)
48 126 3.24 6.58 6.59
106 70 1.39 14.5 15.8
Smoky 132 56 0.94 21.8 23.4
206 47 0.67 34.0 32.8
259 - - 42.8 (41.3)

in Figure 6.6 as a function (I)T

The values of a_ given in Table 2.18 (sece Chapter 2) are plotted

o, values computed by use of Eq. 6.54. This set

of data for the retention of fallout by native plants, is widely scattered;

however, the general trend of the values of
increase with increasing @,.

of a

differences in wind speed occurred.

Part of the dif

a_ from individual shots is to
Eéronce in the observed variation
with & from one detonation to another is undoubtedly due to the fact that
Other causes of the differences in the

variation with @ could he due to differences in humidity conditions and in the
predominant types of foliage that were collected for analyses.

tation of a

L

The values of a

a =

L

calculated from the data of Table 2.16 (see Chapter
2) for the forage crops (clover, alfalfa, wheat, and mixed grasses) are plotted

in Figure 6.6 as a function of the a, values that were corrected to an aver- ze
wind speed of 15 miles per heour (see Table 6.10). Since the absolute accuracy
of the source data is probably not better than 50 percent, a single line was
drawn through the plotted data, neglecting one point. The suggested represen-
for these four forage crops is therefore given by

9.5x1075 (a, - 0.34); @, = 0.34

(6.56)

The complete representation of the foliage contamination facter
contour ratio for evaluation at 1141 hour is then

2.44%10%w (a, - 0.34)

FC.(1) =

(ra{1) + 0.019)

; Gy T 0,34

(6.57)

The value of FC; (1) for «, values less than 0.34 is t..ten to be zero.
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Figure 6.6
VARIATION OF o, WITH CALCULATED VALUES OF a,

10

IO'OL(FISS|0NS/QN\OFDRYPLANT)/(FISSIONS/!"OF TOTAL FALLOUT)
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If it is assumed that the surface densities of the clover and wheat
foliage in the flats used on Apple II detonation were higher than the average
for such crops, then a range of values of wy, may be suggested. These are:

Red Clover t wg = 5to25gm.dry pla.nt/ftf of soil surface
Wheat : wyg, = 10 to 40 gm. dry plant/ft: of soil surface
Alfalfa : wy, = 10 to 30 gm. dry plant/ft® of soil surface
Mixed Grasses : wy, = 5 to 25 gm. dry plant/ft* of soil surface

Wide variations in wy, from these ranges might oceur in various sections of
the country,

The fraction of the total fallout that is retained on foliage can be
estimated from the product aywy,. Thus, for a wy, value of 20, the fraction
retained is 1.9x1073( o, ~ 0.34). In Table 6.8, the value of o, at the 1 r/hr at 1
hr contour farthest downwind from ground zero is 26.1; at this location, a; w
is then 0.049, or about 5 percent, and the calculated value of r,(1) is 0.77.
Hence, from Eq. 6.57, the value of FC,(1), is 1.6x10 1 (fissions on foliage/ft2
of soil area)/(r/hr at 1 hr). ' '

Estimates of the median size (or size-range) of particles retained
on foliage may be made if the variation with o, of the median diameter of the
particles in the deposited fallout is known. In Figure 6.7 the values of the
median diameters of the fallout lodged on foliage, taken from Table 2.15, are
plotted as a function of a,. For these data, the median diameter of the fallout
particles on the foliage increases with g, ; thus, the median diameter of the
retained fallout increases as the median diameter of the deposited fallout
decreases,

Clearly this trend in the median diameter of the retained particles
with @, could not continue indefinitely since at some point, when the diameters
of the deposited fallout particles become very small, all the particles could be
retained by the foliage. To illustrate this aspect, calculated values of the
median diameter (d; ) for the deposited fallout are also plotted as a function of
-, in Figure 6.7. Extrapolation the linear representation of the data for d,
of the foliage-retained particles as a function of o, to the curve for dof the
. deposited fallout gives a maximum value of about 57 microns.

The various functional representations of the foliage contamination
factor contour ratio, as derived from the data of Romney and coworkers®, are
based on information obtained from nuclear detonations of tower and balloon-
mounted devices. However, in the treatment of that data the emphasis was
placed on the particular mathematical functions that could be used in making
estimates of internal hazard from fallout produced by land-surface detonations.
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This application should be valid for any condition of detonation since the same
physical phenomena must be involved in particle retention by foliage irrespective
of the source of the depositing particles. When more data become available,
the proposed representations of the processes can be altered to be either more
specific for different types of foliage or otherwise more complicated depending
on the observed variations in the data.
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